ABSTRACT -(Floral resources used by insects in a grassland community in Southern Brazil). The goal of the present study was to identify plant species used as food source, the floral resources utilized, and the insects that visit flowers in a grassland community in southern Brazil. The study was carried out in an area of one hectare, located in a grassland formation in the Parque Estadual de Itapuã, State of Rio Grande do Sul, Brazil. The flowering pattern was seasonal, and richness and abundance of insects was higher during the period of high resource availability. Flowers of 106 species of angiosperms (73 genera and 34 families) were used as source of floral resources for 219 species (2,767 specimens) of insects. A total of 91.5% of plant species were visited by bees, 53.8% by flies, 34.9% by wasps, 22.6% by butterflies, and 12.3% by beetles. Nectar was the main resource consumed by the visitors (41.1%). Asteraceae was the richest (38 spp.) and most visited family, with 63.1% of the species and 49.5% of all specimens of recorded insects. Bees were the most representative insects (33.2% spp., 65% indiv.), followed by flies (26.9% spp., 16.5% indiv.), wasps, butterflies and beetles. 40 plant species were considered important resources for the floral visitors' community, due to high number of, both, species and individuals recorded in their flowers. The family Asteraceae as a species set was the main floral resource used by insect visitors through the year and has great importance for the maintenance of populations of many species of bees, flies, wasps and butterflies in the studied area.
Introduction
The great variety of floral types found in the Neotropical Region, demonstrates the high diversity of angiosperms in this region, and consequently a high diversity of floral visitors using resources of these plants (Endress 1994) . Once the majority of angiosperms depends on pollinators for reproduction, the flower-animal interactions have a considerable influence on the biodiversity, and on the structure of plant community (Heithaus 1974 , Bawa 1990 , that could be characterized by the food preferences of different groups of floral visitors, the more attractive plants, and the existence of competition for resources (Barbola et al. 2000) . Another important point is the necessity of understanding the plant-pollinator interactions to effective conservation and management of communities (Prance 1990 ).
In Brazil, there are several studies about bee-plant interactions at community level (e.g. Camargo & Mazucato 1984 , Martins 1995 , Schlindwein 1995 , Carvalho & Bego 1997 , Schlindwein 1998 , Alves-dosSantos 1999 , Barbola et al. 2000 , Aguiar 2003 , Antonini & Martins 2003 , Faria-Mucci et al. 2003 , Lorenzon et al. 2003 , Viana et al. 2006 . However, information about floral sources for other insect groups, at community level, are less common (e.g. Silberbauer-Gottsberger & Gottsberger 1988 , Arruda & Sazima 1996 , Wilms et al. 1997 , Oliveira & Gibbs 2000 , Corrêa et al. 2001 , SouzaSilva et al. 2001 , Darrault & Schlindwein 2002 , Machado & Lopes 2004 , Oliveira et al. 2004 , Freitas & Sazima 2006 , Hermes & Köhler 2006 . Moreover, the majority of studies with anthophilous insects only indicate which plants are visited, with few works mentioning floral resources utilized in each plant species by the visitors.
The goals of the present study were to identify plant species used as food source, the floral resources utilized, and the insect visitors of the flowers in a grassland community in southern Brazil. In addition, the plant species which play a key role in the community, as resources for a high number of species and individuals of floral visitors, were also identified.
Material and methods
Study site -The present work was carried out in an area of rocky grasslands in the Parque Estadual de Itapuã (PEI) located in the South of Itapuã district (30°20' and 30°27' S; 50°50' and 51°05' W), Viamão Municipality, metropolitan region of Porto Alegre, Rio Grande do Sul State, Brazil. The total area of the PEI is about 5,566 ha (Secretaria Estadual do Meio Ambiente 1997) . Data survey was performed in a plot of one hectare located in Morro do Araçá, on the west side of PEI. The vegetation in the PEI is very diverse with forests that appear mainly to the south of the mountains, rocky grasslands restricted to the top and northern slopes of hills, and with the plateau region comprising dry and wet fields, and restinga vegetation (Secretaria Estadual do Meio Ambiente 1997) . These rocky grasslands are composed by scattered bushes and occasional trees, and its occurrence is related to the presence of shallow soils with low water retention capacity. According to the Köppen system (Köppen 1948) , the climate in this region is classified as subtropical humid (Cfa), with well distributed rain throughout the year. Summers are usually warmer with mean temperatures in the warmest month higher than 22 °C (Universidade Federal do Rio Grande do Sul 1982) . Annual precipitation falls between 1,100 and 1,300 mm (Secretaria Estadual do Meio Ambiente 1997) . Data recorded during the study period were obtained from the Applied Meteorology and Observation Section (Seoma) of the Eighth District of the National Institute of Meteorology (INMET), located 55 km from the study area.
Flowering phenologies of the species in the community were established by biweekly observations over a period of two consecutive years, between December 2002 and November 2004. Plants were grouped according flowering patterns described by Newstron et al. (1994) . Floral resources utilized by visitors were verified by direct observation, and five classes of resources were defined: (1) nectar, (2) pollen, (3) nectar and/or pollen, (4) pollen and/or oil, and (5) floral tissues (petals and stamens). In classes one and two only the main used resource was considered (primary attractants, see Faegri & van der Pijl 1979) . In classes 3 and 4, due to preferences for a determined resource by different groups of floral visitors, one or more resources were used in the same plant species simultaneously. In order to attribute a degree of importance as food source, each plant species was classified based on the number of species and individuals of floral visitors recorded as follow: (1) frequency of insect species: rare (1-5), frequent (5-15), very frequent (15-30); (2) frequency of insect individuals: rare (1-10), frequent (10-50), very frequent (> 50). Plant species were grouped into families according to Angiosperm Phylogeny Group II (2003) . Voucher specimens were deposited in herbarium of Instituto de Ciências Naturais/Universidade Federal do Rio Grande do Sul.
Insects visiting the flowers were collected with entomological nets. Sampling was performed every fifteen days between December 2002 and November 2003. On each day, nine hours of sampling were divided in three periods of three hours: 8:00 to 11:00 h; 11:00 to 14:00 h, and from 14:00 to 17:00 h. During each period the plant species under observation were sampled individually, and had all floral visitors collected for 10 minutes. In each period was possible to observe four species per hour, with a total of 12 plant species in three hours. In the next two periods, the same plant species were observed again. Consequently, for each day, the same sampling effort was applied for all species observed (30 minutes each day). Thus, total sampling time for each plant species varied only with the flowering period (longer flowering periods resulted in more sampling hours), and was independent of the abundance of each species in the study area. With this method, it was possible to estimate exactly the sampling time used for each plant species through the study period. Sampling was performed by two researchers, each observing a different plant species. A total of 404 sampling hours were performed, distributed over 47 sampling days. Insect visitors were categorized into five functional groups: (1) bees, (2) wasps, (3) flies, (4) beetles, and (5) butterflies. Insect specimens were identified by specialists with identification keys and compared with specimens placed in the entomological collections from Museu de Ciências e Tecnologia/Pontifícia Universidade Católica do Rio Grande do Sul (bees), Universidade Federal de Santa Maria (wasps and flies), Museu de Ciências Naturais/Fundação Zoobotânica do Rio Grande do Sul (beetles) and Universidade Federal do Rio Grande do Sul (butterflies). Bees, social wasps (Vespidae), flies (Syrphidae) and butterflies were classified following Silveira et al. (2002) , Carpenter & Marques (2001) , Marinoni et al. (2007) and Lamas (2004) , respectively. Morpho-species of wasps and flies (other than social wasps and syrphids), and beetles were identified at family level using the keys of Triplehorn & Johnson (2005) . Collected insects were placed in the entomological collection at Museu de Ciências e Tecnologia/Pontifícia Universidade Católica do Rio Grande do Sul.
Results
In the Morro do Araçá grassland, ca. 180 plant species visited by anthopilous insects were recorded (M. Pinheiro, unpublished data), and insect visitors were collected in 106 species, representing ca. 59.0% of plant species recorded in the community. In addition, of the 64 species registered in the Asteraceae family, from rocky grasslands in Parque Estadual de Itapuã (M. E. Beretta, unpublished data), 38 species (ca. 59%) were recorded in the present study, indicating that this sample was fairly representative of this grassland community.
Flowering pattern in the studied community was seasonal. There was a pronounced decrease in the number of flowering species during the dry season in the winter when lowest temperatures were recorded. On the other hand, an increase in the number of flowering species was observed in the beginning of the wet season, in September, increasing in October and November ( figure 1-2) . Among the 106 species, 67.0% presented an annual flowering pattern, 25.5% a sub annual pattern, and 7.5% a continuous flowering pattern (table 1) .
During the study period, 106 species of plants belonging to 73 genera and 34 families of angiosperms were visited by 2,767 floral visitors belonging to 219 insect species representing the orders Hymenoptera, Diptera, Lepidoptera and Coleoptera. The majority of plant species belonged to the family Asteraceae (38 spp., 35.8%), followed by Iridaceae (8 spp.), Rubiaceae (6 spp.), Apiaceae, Myrtaceae and Verbenaceae (5 spp. each one), Oxalidaceae (4 spp.), Fabaceae and Plantaginaceae (3 spp. each one). On the other hand, 21 families were represented by only one species, and four families by two.
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Nectar was the main resource of 41.5% of plant species, followed by nectar and/or pollen (27.3%) and pollen (21.6%). Oil flowers were registered in eight plant species, but oil-bees were recorded in only three species. Floral tissues were consumed in only one species of Myrtaceae (table 1) .
During the study period, a wide array of flower visitors was recorded on flowers. There was a pronounced decrease in the number of species of floral visitors during the dry season in the winter when lowest temperatures were recorded ( figure 1-2) . In this season, bee species were less abundant than wasps and flies, while beetles and butterflies were not recorded. On the other hand, an increase in the number of species of floral visitors was observed in the beginning of the wet season, in September, with a high number of species recorded during the warmest period of the year ( figure 1-2) . Overall, the number of individuals recorded followed the same pattern observed for the number of species, except in July when an increase in the number of individuals was recorded by the sampling of many specimens of Trigona spinipes.
A total of 1,815 bees belonging to 74 species were collected. Among the five bee families, Apidae (18 spp., N = 1,268) and Halictidae (26 spp., N = 433) presented the highest number of species and individuals of floral visitors, followed by Colletidae (12 spp., N = 49), Megachilidae (12 spp., N = 31), and Andrenidae (6 spp., N = 34) (table 2). The majority of bee individuals recorded belonged to social bees Apis mellifera (23.0%), Trigona spinipes (21.0%), and Plebeia emerina (13.0%). Flies were the second group of floral visitor most rich and abundant on flowers, represented by 12 families, 59 species and 459 individuals. Syrphidae was the predominant family (23 spp., N = 277) and some species mainly in the genera Allograpta, Palpada, Pseudodorus and Toxomerus that feed on nectar and pollen were recorded in different plant species (table 2) . Other abundant flies in search of nectar were represented by Muscidae, Sarcophagidae and Tachinidae. Wasps that feed on nectar were represented by eight families, 36 species and 297 individuals. The family Vespidae was the most representative (l6 spp., N = 272) (table 2). Some social species in this family, represented by the genera Brachygastra, Mischocyttarus, Polistes and Polybia, showed high abundance of individuals that visited several plant species (table 2) . Species of beetles representing eight families (13 spp., N = 125) were recorded (table 2) . Almost all species of beetles were represented by few individuals, and the number of visited plant species was consequently low. In this group of floral visitors, Oedemeridae sp. 1 was responsible for 70.0% (87) of all individuals recorded, and was observed, almost exclusively, feeding on nectar and pollen on flowers of Butia capitata (81). Twelve individuals of a special genus of beetle, Nemognatha nigrotarsata (Meloidae), which has its mouth-parts adapted to form a slender tube (12 mm long) to reach deep-seated nectar (Ennes 1956 , Proctor et al. 1996 , were recorded. Seven families of butterflies (37 spp., N = 71) were recorded (table 2). The families Hesperidae (15 spp., N = 27) and Nymphalidae (8 spp., N = 23) were predominant. Although this floral visitors represented about 17.0% (37) of all insect species recorded in the present study, few individuals of each species were collected, thus the diversity of plant species visited by each species of butterfly was low (table 2). Southern Brazil is seasonal, and in addition to water shortage, the dry season is a period of low temperatures in comparison to other regions of the country. Thus, a great reduction in the number of flowering species in the dry season, as observed in the present study, was expected. The seasonal flowering pattern observed here is in accordance with the flowering data observed in other grassland communities in southeastern Brazil, where the dry and rainy seasons are also well defined (Freitas & Sazima 2006 , Tannus et al. 2006 . According to Peres (2000) , seasonality is an important event for the availability of resources, and the seasonality in flowering period would be an important factor to demonstrate the existence of key-species in determined period of the year. According to this criterium, Baccharis rufescens, B. patens, B. cultrata and Croton gnaphalii, large shrubs with many flowers, could be considered key-species in the studied plant community. In the winter, where a low number of flowering species was recorded, these plant species were the exclusive or main resource consumed by insects that were active flyers during cold months, as social bees, social wasps, and some flies.
The prevalence of nectar as the main resource in the study was also recorded in others ecosystems, such as campo rupestre (Faria 1994) , cerrado (Barbosa 1997) , caatinga (Machado & Lopes 2004 ) and high-altitude grasslands (Freitas & Sazima 2006) . In fact, nectar is the main floral resource offered by the plants to their pollen vectors (Proctor et al. 1996) and is the most used floral resource by a great variety of floral visitors (Simpson & Neff 1981 , Endress 1994 . The percentage of species offering pollen as the main floral resource was also similar to that recorded in campo rupestre, cerrado, caatinga and hight-altitude grasslands (Faria 1994 , Barbosa 1997 , Machado & Lopes 2004 , Freitas & Sazima 2006 . However, pollen-flowers in study area were rare in comparison to these other communities, where the families Melastomataceae, Fabaceae, Solanaceae are represented by several species with poricidal anthers. The percentage of flowers offering both pollen and nectar as floral resource (pollen in this class being intentionally collected) was similar to others grassy communities (Barbosa 1997 , Freitas & Sazima 2006 and much higher than that observed in the caatinga (Machado & Lopes 2004) . In this study eight species of oil-flowers were recorded, but oil-bees were recorded only in three plant species from the family Iridaceae and Scrophulariaceae. The percentage of this group of plants was similar to that recorded in high-altitude grasslands (Freitas & Sazima 2006) , in cerrado (Silberbauer-Gottsberger & Gottsberger 1988) , and in the campo rupestre (Faria 1994) but lower continuation
Discussion
The climate conditions during the dry season are considerably adverse to phenological events, especially by the water restrictions in this period. The climate in than the recorded in caatinga where several species of Malpighiaceae and Scrophulariaceae are found (Machado & Lopes 2004) .
In the studied environment, as also recorded in others grassland communities (Barbosa 1997 , Freitas & Sazima 2006 , Asteraceae was the family with the highest number of plant species and the most visited by a wide range of floral visitors. In surveys on bee-plant interaction, Asteraceae has been considered by several authors one of the most important sources of floral resources, with the highest number of visited plant species, and the highest richness and abundance of bees recorded (Martins 1995 , Schlindwein 1995 , Bortoli & Laroca 1990 , Carvalho & Bego 1997 , Alves-dos-Santos 1999 , Barbola et al. 2000 , Faria-Mucci et al. 2003 , Antonini & Martins 2003 . Asteraceae was also found to be the richest, and the most visited family by flies (Arruda & Sazima 1996 , Souza-Silva et al. 2001 , and wasps (Hermes & Köhler 2006) . The preference for Asteraceae flowers was probably due to characteristics that make these plants more attractive to floral visitors in comparison to plants in other families: their inflorescences with a large number of flowers were more attractive to floral visitors than scattered single flowers, also serving as landing area for these animals; the floral traits (i.e. floral tube size with few millimeters and the secondary pollen presentation) allow the free access to the resources to a broad range of floral visitors (Endress 1994 , Proctor et al. 1996 . Moreover, Asteraceae is the largest among angiosperms, and is one of the dominant families in the herbaceous and bushy strata in open habitats (Boldrini 1997 , Matzenbacher 2003 , similarly to the present study, where this family had the highest number of species.
In this study, the plant taxa with a large number of flowers and with nectar and pollen easily accessed were the most visited by species and individuals of flower visitors. Similarly to the flowers of Asteraceae, the flowers in the families Apiaceae, Arecaceae, and Euphorbiaceae, were also small and had readily accessible resources. In addition, during the flowering period, species of Baccharis, Butia, Croton, and Eryngium produced many flowers grouped in large inflorescences. Such inflorescences could greatly enhance the floral display, attracting different visitors and potential pollinators (Proctor et al. 1996) . Thus, the flowers presenting the features mentioned above were usually visited by a wide spectrum of insects, including species with proboscis shorter than those found in bees, such as wasps and flies. So, this kind of flowers can be pollinated by different groups of floral visitor (Endress 1994 , Proctor et al. 1996 and are called polyphilic species (Faegri & van der Pijl 1979) . Conversely, plant species with few flowers and floral resources less accessible were less visited, and/or had their floral resources used by more specific floral visitors. Such flowers were found mainly in some species of the families Iridaceae, Oxalidaceae, Fabaceae, Gesneriaceae and Polygalceae.
The number of insect species and individuals recorded followed climate variations, decreasing in the dry season when the conditions were less favorable (i.e. low temperatures), and increasing in the warmest period of the year in the wet season. However, several other factors could influence insect seasonality. The seasonal variation in flower visits is almost certainly related to resource availability (Souza-Silva et al. 2001) . In this study, for example, the variation in the number of insects followed the seasonal pattern of flowering in the community, and consequently a decrease or increase in the availability of floral resources may have influenced floral visitors' seasonality. In addition, insect seasonality in a community could be also influenced by reproductive phenology of different species of floral visitors (Wolda 1988) .
Since bees depend exclusively on floral resources for their survival, they are the most frequent visitors found on flowers, and were reported as the most diverse and abundant group of floral visitors, as well as the main pollinators in several plant communities (Ramirez 1989 , Barbosa 1997 , Momose et al. 1998 , Oliveira & Gibbs 2000 , Machado & Lopes 2004 , Ramirez 2004 , Freitas & Sazima 2006 . Flies and wasps, after bees, were the predominant floral visitors recorded in this study, as well as in cerrado and high-altitude grasslands (Barbosa 1997 , Freitas & Sazima 2006 , while beetles and lepidopterans were less represented in all three communities.
Although the goals of this study are not to compare different sampling methods for floral-visitors, the method applied here showed visit frequencies on flowers very similar to the recorded in other plant communities (Faria 1994 , Schlindwein 1995 , Arruda & Sazima 1996 , Carvalho & Bego 1997 , Alves-dos-Santos 1999 , Barbola et al. 2000 , Souza-Silva et al. 2001 , Faria-Muci et al. 2003 , Hermes & Köhler 2006 , where the plant species with floral resources easily accessed, and many flowers, were also the most visited. Thus, resource accessibility and quantity may determine how many floral visitors will be attracted to the flowers. Hence, in an addition to the method, the abundance of flowers could be used as an indicator of resource availability in each plant species in the plant community.
The great richness and the abundance of visits recorded in the Asteraceae flowers, indicated that this family was the main resource used for anthophilous insects, mainly generalist foragers, in this plant community.
However, the importance of plant species as source of floral resources cannot be measured only by abundance and richness of floral visitors recorded in the flowers. Plant species less frequently visited, for example, may reserve their resources for more specialized floral visitors, maximizing pollination. Thus, these plant species are very important for their visitors, since the exclusion of non effective visitors will decrease the resource competition effect for their legitimate visitors (= pollinators). Moreover, in the community studied, floral oils were recorded in few plants that received few visits. However, these plant species are a very important food source for the maintenance of the diversity of specialized floral visitors such as oil-colleting bees (i.e. Centridini, Tapinotaspidini and Tetrapediini) (Machado & Lopes 2004 , Schlindwein 2000 .
The great majority of plant species (ca. 83%) in the studied community had a floral structure that allowed a free access to the floral resources, such as small size, brush, short-tube (mainly in Asteraceae species), inconspicuous and disc types (Pinheiro 2005) . Thus, these plant species were visited by two or more insect groups. Among the 97 plant species visited by bees, for example, 56.6% (n = 60) received, in addition to bees, other groups of floral visitors, mainly wasps and flies. In addition, only 2.9% and 5.8% of the plant species visited by wasps and flies, respectively, were not visited by bees, but were visited by other insect groups. Small, open flowers have a larger range of interactions with different species of insects, and are potentially more generalists, than flowers with floral traits that protect them from depletion by forager robbers (Corbet 2006) . Thus, in this plant community, the predominance of polyphilic species may result in a considerable degree of generalization between plant-pollinators interactions.
The results of this work highlights the importance of some plant species in terms of supporting a large number of insect visitors and have, consequently, great importance for contribution to the maintenance of insect population and diversity in the community studied. This kind of information can be used as an alternative on habitat management, where is essential to include plants with floral rewards to attract and support pollinator communities.
